A meta-analysis of individual patient-level data from five randomized controlled trials showed that patients aged ≥ 80 years could benefit from endovascular thrombectomy Objective: Avoiding a catastrophic outcome may be a more realistic goal than achieving functional independence in the treatment of acute stroke in octogenarians. This study aimed to investigate predictors of catastrophic outcome in elderly patients after an endovascular thrombectomy with an acute anterior circulation large vessel occlusion (LVO). Materials and Methods: Data from 82 patients aged ≥ 80 years, who were treated with thrombectomy for acute anterior circulation LVO, were analyzed. The association between clinical/imaging variables and catastrophic outcomes was assessed. A catastrophic outcome was defined as a modified Rankin Scale score of 4-6 at 90 days. Results: Successful reperfusion was achieved in 61 patients (74.4%), while 47 patients (57.3%) had a catastrophic outcome. The 90-day mortality rate of the treated patients was 15.9% (13/82). The catastrophic outcome group had a significantly lower baseline diffusion-weighted imaging-Alberta stroke program early CT score (DWI-ASPECTS) (7 vs. 8, p = 0.014) and a longer procedure time (42 minutes vs. 29 minutes, p = 0.031) compared to the non-catastrophic outcome group. Successful reperfusion was significantly less frequent in the catastrophic outcome group (63.8% vs. 88.6%, p = 0.011) compared to the non-catastrophic outcome group. In a binary logistic regression analysis, DWI-ASPECTS (odds ratio [OR], 0.709; 95% confidence interval [CI], 0.524-0.960; p = 0.026) and successful reperfusion (OR, 0.242; 95% CI, 0.071-0.822; p = 0.023) were independent predictors of a catastrophic outcome. Conclusion: Baseline infarct size and reperfusion status were independently associated with a catastrophic outcome after endovascular thrombectomy in elderly patients aged ≥ 80 years with acute anterior circulation LVO. This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (https://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
INTRODUCTION
compared to standard medical therapy (1) . However, the efficacy of thrombectomy is still unsatisfactory in elderly patients compared to that in younger patients in 'real-world' practice. A multicenter retrospective study from seven comprehensive stroke centers in the United States showed that old age (≥ 80 years) was significantly associated with poorer outcomes (modified Rankin Scale [mRS] 3-6; 79% vs. 56%), postprocedural hemorrhage (42% vs. 28%), and mortality (38% vs. 20%) compared to younger counterparts (2) . This finding suggests that a more refined selection criteria for endovascular thrombectomy is needed for octogenarians with acute large vessel occlusion (LVO).
The 90-day mRS score is used to evaluate post-treatment outcomes after endovascular thrombectomy in acute stroke. In general, a good outcome has been defined as Korean kjronline.org functional independence (mRS scores of 0-2) at 90 days. However, considering a lower expectation of functional independence in elderly patients and the fact that elderly patients are more likely to have medical comorbidities, pre-stroke disability, reduced neuronal plasticity, and cognitive dysfunction compared to younger patients, an mRS score of 3 could be considered as a favorable outcome in octogenarians (3) (4) (5) . A multicenter, international survey also showed that an mRS score of 3 was considered as an acceptable outcome by approximately 80% of physicians who were involved in treating patients with severe stroke (6) . In this regard, understanding the predictors of catastrophic outcome (mRS 4-6) after endovascular thrombectomy may help in making treatment decisions and improve treatment outcomes in elderly patients. Although some studies have addressed the predictors of functional independence after thrombectomy in elderly patients (7) (8) (9) (10) (11) , predictors of catastrophic outcomes have not been fully investigated. Therefore, this study aimed to investigate the predictors of catastrophic outcome after endovascular thrombectomy in elderly patients aged ≥ 80 years with acute anterior circulation LVO.
MATERIALS AND METHODS

Study Population
From January 2011 to July 2016, a total of 380 patients presenting with acute anterior circulation stroke underwent endovascular thrombectomy at a comprehensive stroke center. The clinical and radiologic data were prospectively collected and stored in a stroke database at our hospital. Of these, data from 82 patients aged 80 years and older were retrieved and retrospectively analyzed for this study. The institutional ethics committee approved this retrospective analysis and waived the requirement for informed consent based on the study design.
Endovascular Treatment
Inclusion criteria for endovascular thrombectomy were as follows: femoral artery puncture started within 6 hours of symptom onset, National Institutes of Health Stroke Scale (NIHSS) score ≥ 4 at admission, pre-stroke mRS score ≤ 2, no intracranial hemorrhage detected on the pretreatment brain CT, and intracranial large vessel (intracranial internal carotid artery [ICA] and M1 and M2 segments of the middle cerebral artery [MCA]) occlusion confirmed on catheter angiography. Endovascular therapy was performed under local anesthesia.
Thrombectomy with a Solitaire stent or a Trevo stent was performed as the front-line technique. When stent-retriever thrombectomy failed to achieve successful reperfusion within three attempts, contact aspiration thrombectomy was performed with a Penumbra reperfusion catheter or intermediate catheter (12) . Successful reperfusion was defined as a modified thrombolysis in cerebral ischemia (m-TICI) grade of 2b or 3 on the final angiogram (13) . Carotid angioplasty and stenting were performed before intracranial endovascular thrombectomy when a tandem occlusion was found at the proximal cervical segment of the ICA. A balloon angioplasty, with or without stenting, was performed when severe (≥ 70%) underlying intracranial stenosis was found at the arterial occlusion site (14) .
All patients underwent non-contrast CT before, immediately after, and 24 hours after endovascular therapy. In the post-treatment CT, intracranial hemorrhage was classified as either hemorrhagic infarction or parenchymal hemorrhage, according to the European Cooperative Acute Stroke Study II criteria (15) . Symptomatic hemorrhage was defined as any intracranial hemorrhage associated with neurological deterioration (NIHSS scale increase of ≥ 4 points). An experienced neuroradiologist retrospectively reviewed the pre-treatment CT images and recorded the Alberta stroke program early CT score (ASPECTS). Stroke subtype was determined at the time of discharge based on the Trial of ORG 10172 in the Acute Stroke Treatment classification (16) . Clinical outcomes were evaluated during an outpatient visit or via telephone interview 90 days after stroke. A catastrophic outcome was defined as an mRS score of 4-6.
Diffusion-Weighted Imaging
All patients underwent diffusion-weighted imaging (DWI) before endovascular thrombectomy according to the stroke protocol of our institution. DWI examinations were performed with a 1.5T unit (Signa HDxt; GE Healthcare, Milwaukee, WI, USA). DWI sequences were obtained on the axial plane using a single-shot spin-echo echo-planar imaging technique with the following parameters: repetition time 9000 ms, echo time 80 ms, section thickness 4 mm, intersection gap 0 mm, field of view 260 x 260 mm, and b-values 0 and 1000 s/mm 2 . The DWI-ASPECTS was retrospectively assessed by two neuroradiologists who were blinded to patients' information. Conclusions were reached by consensus in cases of disagreement. https://doi.org/10.3348/kjr.2019.0431 kjronline.org
Statistical Analysis
Statistical analyses were performed with SPSS software (version 23.0; IBM Corp., Armonk, NY, USA). We compared differences in baseline and procedural characteristics between patients with catastrophic outcomes (mRS 4-6) and those with non-catastrophic outcomes (mRS 0-3). The χ 2 test or Fisher's exact test was used to compare categorical variables, and the Mann-Whitney U test was used to compare continuous variables. Next, a binary logistic regression analysis was performed to identify independent predictors for a catastrophic outcome. Variables with a p value < 0.05 in the univariate analysis were included in a multivariate logistic regression model. P values < 0.05 were considered statistically significant.
RESULTS
Data from 82 patients (28 men and 54 women; median age, 83 years; age range, 80-95 years) with anterior circulation stroke were analyzed. Of these, 56 patients had occlusions of the MCA and 26 had occlusions of the ICA. Thirty-five eligible patients (42.7%) received an intravenous recombinant tissue plasminogen activator before endovascular therapy. The median baseline DWI-ASPECTS was 7, and baseline NIHSS score was 15. Underlying intracranial atherosclerotic stenosis was found at the occlusion site in six (7.3%) patients. Eleven patients (13.4%) had a tandem occlusion in the cervical segment of the ICA. The stroke subtype was cardioembolism in 52 patients (63.4%), large artery atherosclerosis in 15 patients (18.3%), and undetermined in 15 patients (18.3%). Overall, successful reperfusion was achieved in 61 patients (74.4%). Forty-seven patients (57.3%) had a 90-day catastrophic outcome (mRS 4-6) while 35 patients (42.7%) had a 90day non-catastrophic outcome (mRS 0-3). Parenchymal hemorrhage occurred in 6.1% of patients (5/82) and symptomatic hemorrhage in 3.7% (3/82). The 90-day mortality rate was 15.9% (13/82).
Comparisons of clinical and procedural characteristics between patients with catastrophic outcomes and those with non-catastrophic outcomes are presented in Table 1 . The catastrophic outcome group had a significantly lower baseline DWI-ASPECTS (7 vs. 8, p = 0.014) and longer procedure time (42 minutes vs. 29 minutes, p = 0.031) compared to the non-catastrophic outcome group. When DWI-ASPECTS were dichotomized into the two groups (scores of 7-10 vs. 0-6), 48.1% (25/52) of patients with a DWI-ASPECTS ≥ 7 and 73.3% (22/30) of patients with a DWI-ASPECTS < 7 had a catastrophic outcome. This difference was statistically significant (p = 0.026) ( Fig.  1) . Successful reperfusion was significantly less frequent in the catastrophic outcome group (63.8% vs. 88.6%, p = 0.011) (Fig. 2 ). There were no differences in other baseline or procedural characteristics between the two groups. In a binary logistic regression analysis adjusted for potential confounders (DWI-ASPECTS, procedure time, and successful reperfusion), DWI-ASPECTS (per 1-point increase; odds ratio [OR], 0.709; 95% confidence interval [CI], 0.524-0.960; p = 0.026) and successful reperfusion (OR 0.242; 95% CI 0.071-0.822; p = 0.023) were independent predictors of catastrophic outcome at 90 days ( Table 2 ).
DISCUSSION
Because of a graying society, the proportion of octogenarians among patients treated with endovascular thrombectomy due to acute LVO is steadily increasing. Currently, there is no age limitation for thrombectomy in patients with acute anterior circulation LVO. Most guidelines recommend that patient age > 80 should not be used as a contraindication for endovascular thrombectomy (17, 18) . Following a stroke due to intracranial LVO at a very old age, mRS 3 could be considered a reasonable functional outcome as these patients are still able to ambulate without assistance. Avoiding a catastrophic outcome may be a more realistic goal than achieving functional independence in treatment of acute stroke in octogenarians. In this context, we investigated the predictors of a catastrophic outcome after thrombectomy in elderly patients, which had not yet been reported. As a result, we found that the initial infarct size measured by the DWI-ASPECTS and reperfusion status were independently associated with a catastrophic outcome after thrombectomy in elderly patients aged ≥ 80 years with acute anterior circulation LVO.
Our study suggests that successful reperfusion is a strong negative predictor of catastrophic outcome after thrombectomy in elderly patients (OR = 0.242, p = 0.023). Moreover, a catastrophic outcome was significantly less frequent in patients with successful reperfusion compared to those with unsuccessful reperfusion (49.2% [n = 30/61] vs. 81% [n = 17/21]). Our results are well in line with those from a study by Imahori et al. (19) who demonstrated a significant association between reperfusion status and functional outcome in elderly patients with anterior https://doi.org/10.3348/kjr.2019.0431 kjronline.org circulation LVO. They found that the rate of a good outcome (mRS 0-2 at 90 days) was not significantly different between patients aged ≥ 80 years and those aged < 80 years (65% vs. 68%) when complete reperfusion (m-TICI 3) was achieved after stent-retriever thrombectomy (19) . This finding suggests that elderly patients can have similar rates of a good outcome to those of younger counterparts if complete reperfusion can be achieved with endovascular thrombectomy. Recently, Koizumi et al. (9) reported the outcomes after endovascular thrombectomy in 78 elderly patients aged ≥ 80 years and showed that 43.5% (27/62) of patients with successful reperfusion had a good outcome. They also found that successful reperfusion was one of the independent predictors of a good outcome (OR = 1.40, p = 0.0081) (9) . The results of previous studies and our study highlight the importance of achieving successful reperfusion to avoid catastrophic outcomes in elderly stroke patients who are undergoing thrombectomy.
Our study also confirmed that the initial infarct size is a strong determinant of functional outcome after Table 1 
. Comparison of Characteristics between Patients with 90-Day Catastrophic Outcome (mRS 4-6) and Those with Non-Catastrophic Outcome (mRS 0-3)
Variables
Total (n = 82) mRS 4-6 (n = 47) mRS 0- kjronline.org size cut-off for elderly patients. The DWI or CTP assessment with clinical mismatch in the triage of wake-up and late presenting strokes undergoing neurointervention with Trevo (DAWN) study also adopted this concept of age-dependent infarct size threshold for patient selection. The DAWN study included patients aged ≥ 80 years if they had a baseline infarct volume of ≤ 21 mL, while including patients < 80 years if they had an infarct volume of ≤ 51 mL (22) . This study has several limitations. This study is a single center retrospective study with a relatively small number of patients. In addition, post-stroke medical comorbidities such as post-stroke pneumonia were not assessed in the present study. Elderly patients are more likely to have a wide spectrum of post-stroke comorbidities that could affect outcomes compared to younger patients. Future studies should be performed to evaluate post-stroke medical comorbidities as potential variables in the analysis.
In conclusion, baseline infarct size and reperfusion status were independently associated with catastrophic outcome after endovascular thrombectomy in elderly patients aged ≥ 80 years with acute anterior circulation LVO. Our results may help to identify elderly stroke patients who are likely to benefit from thrombectomy and to emphasize the importance of successful reperfusion to avoid a catastrophic outcome after thrombectomy.
